Streptomyces produce a wide variety of biologically active secondary metabolites including antibiotics.
Staurosporine ( Fig. 1 ) is the most well-known member of the indolocarbazole alkaloid and acts as a strong protein kinase inhibitor1). Most indolocarbazole compounds are inhibitors for protein kinases or DNA topoisomerases, and thus expected to be useful as antitumor drugs. A series of other indolocarbazole compounds like rebeccamycin2), K252a3) and UCN-014). were isolated from actinomycetes.
We are interested in isolating the biosynthetic genes for indolocarbazoles to study their organization and regulation, and to construct recombinant streptomycetes to produce novel indolocarbazole antibiotics.
The biosynthetic gene cluster of rebeccamycin from Lechevalieria aerocolonigenes ATCC 39243 was recently cloned and characterized by two groups5,6). Ten ORFs were identified in the cluster over 17-kb5) was used as a source of DNA in the construction of the plasmid subcloning in pUC19 and the derivatives. E. coli XL1-Blue MR was used for the constructon of pTOYAMAcos cosmid library. E. coli S17-1 was used for transconjugation from E, coli to S. lividans. Growth conditions and manipulations of E. coli were as described by SAMBROOK and RUSSELL7). The production medium for S. lividans and strain TP-A0274 was Medium G1346). The seed culture for S. lividans and strain TP-A0274 was V-22 medium8). The Bennett's glucose agar8), nutrient broth agar and mannitol soya flour agar were used for conjugational transformation9). The pTOYAMAcos is a newly constructed E. coli-actinomycetes shuttle cosmid vector which is based on the pKU402 cosmid vector10). were inoculated into a 500-ml K-1 flask containing 100ml
rotary shaker at 200rpm, 5-ml aliquots of the seed culture were transferred into a 500-ml K-1 flask containing 100ml
of Medium G134. The fermentation was carried out at broth was extracted with 100ml of n-butanol. After the evaporation of n-butanol, the resultant was dissolved in DMSO for HPLC analysis. LC-MS spectra were obtained on an API165 (Applied Biosystems). HPLC analysis was performed on a HP1090 system with a diode array detector (Hewlett Packard) using a C18 Rainin microsorb column USA). Acetonitrile-0.15% KH2PO4 (pH 3.5) was served as the elution buffer (The gradient diagram is shown in Fig. and detection was at 254nm.
DNA Sequencing of 165 rDNA
The 16S rDNA fragment was amplified from strain TP-A0274 genomic DNA by using the primers 16S-1 and 16S-2. These PCR primers were prepared on the basis of the consensus sequences of eubacterial 16S rDNA, and the sequences are 16S-1: 5'-GAGAAGCTTAGAGTTTGATC-CTGGCTCAG-3', and 16S-2: 5'-GAGGAATTCACGGC-TACCTTGTTACGACT-3', in which EcoRI or HindIII sites (underline indicated) were created for facilitation of the cloning. PCR was done with PTC-200 DNA Engine, and the products were directly used as sequencing templates. Automatic DNA sequencing was carried out with BigDye terminator cycle sequencing ready reaction kit (Applied Biosystems) and primers (16S-1, 16S-2, 16S-4: 5'-GCCTACGAGCTCTTTACGCC-3', 515F: 5'-GTGCCAG-CAGCCGCGGT-3', 785F: 5'-GGATTAGATACCCTGGT-AGTC-3', 1099F: 5'-GCAACGAGCGCAACCC-3' and 1115R: 5'-AGGGTTGCGCTCGTTG-3'), and analyzed on an ABI PRISM 310 DNA sequencer (Applied Biosystems).
Nucleotide Sequence Data Accession Number
The nucleotide sequences determined in the present work are deposited in the DDBJ/EMBL/GenBank database under accession no. AB088119 and AB088069.
Results
The Distribution of the rebD Homolog in
Actinomycetes Strains
We initially investigated the distribution of the rebD homolog gene in actinomycetes strains by the PCR method.
Chromopyrrolic acid synthase is the key enzyme in the indolocarbazole aglycone synthesis. Chromopyrrolic acidrelated compounds have been isolated from rebeccamycin and violacein-producing strains but there is no report on the isolation of chromopyrrolic acid derivatives from other actinomycetes. Therefore the existence of chromopyrrolic acid synthase is expected to be a useful indicator of indolocarbazole-producing strains. Deduced amino acid sequences of the genes encoding chromopyrrolic acid synthase in the biosynthesis of rebeccamycin (rebD) and violacein (vioB) have 36.6% identity over the entire sequences. The two PCR primers, rebBN1 and rebBC1, were synthesized using the highly conserved regions corresponding to amino acids from 611 to 618 and from 780 to 786 in RebD amino acid sequence. We tested The cloning procedure of staurosporine biosynthetic gene cluster was described in our previous paper6). To clone a complete staurosporine biosynthetic gene cluster, a for 7-days in liquid production medium and the fermentation broth was extracted with n-butanol. HPLC analysis of this n-butanol extract revealed a production of a new compound in culture broth (Fig. 4A ) compared with control TK23 strain (Fig. 4B) . The new peak at 9.0 minutes exhibited a UV visible spectrum characteristic to staurosporine and showed the molecular ion [M+H]+ at m/z 467.4 on LC/MS analysis. The authentic staurosporine showed the same retention time and molecular mass (data not shown). Therefore we concluded that pTYMCsta includes the entire set of staurosporine biosynthetic genes. The productivity of staurosporine by strain TP-A0274 and S. lividans harboring pTYMCsta was compared (Fig. 4C) .
The amount of staurosporine produced in S. lividans was 2.6mg/liter (9-days) whereas that in strain TP-A0274 was 10.5mg/liter (9-days).
DNA Sequencing of pTYMCsta and

Identification of ORFs
Analysis of -22-kb of the DNA sequence from pTYMCsta indicated that all of the staurosporine biosynthetic genes are located in a single operon containing 14 ORFs (Fig. 3) . The cluster showed striking similarity to the rebeccamycin biosynthetic gene cluster. Six of the identified ORFs (staR, staG, staO, staD, staP and staMA) The aglycone biosynthetic pathway (A). The deoxysuger biosynthetic pathway (B). 
